The caudal discs of rats have been proposed as a puncture model in which intervertebral disc (IVD) degeneration can be induced and novel therapies can be tested. For biological repair, treatments for ongoing IVD degeneration are ideally administered during the earlier stages. The purpose of this study was to elucidate the optimal puncture needle size for creating a model that mimicked the earlier stages of IVD degeneration. According to the disc height index, histologic score, and MRI grading, a puncture needle sized 21G or larger induced rapid degenerative processes in rat caudal discs during the initial 2-4 weeks. The degenerative changes were severe and continued deteriorating after 4 weeks. Conversely, puncture injury induced by needles sized 25G or smaller also produced degenerative changes in rat caudal discs during initial 2-4 weeks; however, the changes were less severe. Furthermore, the degenerative process became stabilized and showed no further deterioration or spontaneous recovery after 4 weeks. In the discs punctured by 25G needles, the expression of collagen I was increased at 2-4 weeks with a gradually fibrotic transformation thereafter. The expressions of collagen II and SOX9 were enhanced initially but returned to pre-injury levels at 4-8 weeks. The above-mentioned findings were more compatible with earlier degeneration in discs punctured by needles sized 25G or smaller than by needles sized 21G or larger, and the appropriate timing for intradiscal administration of proposed therapeutic agents would be 4 weeks or longer after puncture. Intervertebral disc (IVD) degeneration is a multifactorial disease and is believed to be associated with spine disorders, including low back pain.
Intervertebral disc (IVD) degeneration is a multifactorial disease and is believed to be associated with spine disorders, including low back pain. [1] [2] [3] Although the exact pathogenesis and pathophysiology is not completely clear, some researchers consider IVD degeneration to be the initial stages of degenerative spinal disorders. 4, 5 Clinically, salvage procedures such as spinal fusion or spinal arthroplasty have had important roles in the treatments for symptomatic individuals whose symptoms responded unsatisfactorily to nonsurgical modalities, such as medication, physical therapy, and spinal injections. With promising progress in novel biological therapies, growth factors, [6] [7] [8] pharmaceutical agents, 9 ,10 gene and cell therapy, 11, 12 and tissue engineering 13 have been widely investigated for the repair of degenerative IVDs.
Development of novel therapeutic approaches before clinical application requires knowledge of the pathophysiology of IVD degeneration as well as conscientious evidence of safety and efficacy in suitable animal models that mimic the specific aspects of human IVD degeneration. Various animal models have been developed to research IVD degeneration. In 1948, the first report described stabbing of animal IVDs with a scalpel to cause disc degeneration.
14 Since then, common stab models have been classified into the total annular stab model 15 and the superficial annulus fibrosus injury model. 16 Both methods induce IVD injury but neither provided relatively slow, reproducible, and progressive IVD degeneration. A needle puncture model to provoke IVD degeneration was established in rabbits in 2005. 17 Using needle puncture, this model could produce more reproducible IVD degeneration than the stab model. In the years following 2005, there was an impetus to develop a slow but progressive and reproducible animal model of disc degeneration using a small animal that allowed researchers to conduct efficacy studies of therapeutic interventions.
Rat caudal discs have a convenient anatomic location; therefore, they can be handled easily and degeneration can be induced. Percutaneous needle puncture of rat caudal discs has been developed as a model for research on IVD degeneration since 2008. 18 Although the rate of degeneration is positively related to the depth of needle puncture, a half penetration method has been used in most studies. However, the sizes of puncture needles are different in individual studies and there is no consensus on this issue. For most novel biological therapies for IVD degeneration, the treatments for ongoing IVD degeneration are ideally administered during the earlier stages, since the potential to slow or reverse the degenerative process is greater. Although percutaneous puncture of rat caudal discs is known to induce IVD degeneration, larger puncture needle sizes may intensively damage the IVDs, inducing rapid and severe degeneration that is not compatible with the processes of gradual degeneration. The purpose of this study on rat caudal discs was to elucidate the optimal size of puncture needle able to establish a model mimicking the earlier stages of IVD degeneration and serve as an appropriate platform for investigating biological therapies.
MATERIALS AND METHODS

Animal Experimentation
Wistar rats (3 months old and weighing 350-400 g; purchased from BioLASCO Taiwan Co., Ltd; fed at Laboratory Animal Center, National Taiwan University College of Medicine, Taipei, Taiwan) were used in this study. Animals were maintained in accordance with the guidelines for the care and use of laboratory animals. Experimental protocols and surgical procedures were approved by the Committee of the Institutional Animal Care and Use at the National Taiwan University College of Medicine. Rats were fed Purina laboratory chow; offered tap water ad libitum; and housed in a temperature, humidity, and light-controlled environment. Animals were marked for ease in individual identification and acclimatized in their cages for 28 days before the start of the study.
Surgery
Under anesthesia by intra-abdominal injection of sodium pentobarbital (30 mg/kg), rats were fixed in the prone position with their tail rested on a custom-made plastic slot plate. The intervertebral space was located by digital palpation and all the surgical procedures were performed under portable X-ray guidance. A Kelly clamp was used as a stopper by clicking the needle at 5 mm from the needle tip, which ensured a puncture with half penetration (the depth from skin to center of nucleus pulposus is about 5 mm). The needle was kept in place without rotation for 20 s and then gently removed.
Stage 1 Study
A total of 12 Wistar rats were used at this stage. In each rat tail, six consecutive caudal discs were used for the experiment. Six sizes of needle were used (18G, 21G, 23G, 25G, 27G, and 29G) and the most cephalic level was selected as the control group.
Radiographic Assessments
Using the same general anesthesia as described above, radiographs were captured preoperatively and at 2, 4, 6, and 8 weeks after the index procedure. When radiographs were taken, rat tails were laid straight, resting on the custommade plastic slot plate. The IVD height was expressed as the disc height index (DHI) based on the method outlined by Mazuda. 17 The DHI was calculated by averaging disc height measured from the one fourth, middle, and three-fourths portion of the adjacent end plate width and dividing that by the average of adjacent vertebral body heights at the same points (Fig. 1) . This method has been validated for its validity and reliability previously.
18
Histological Staining
Six rats were euthanized by intraperitoneal administration of high-dose (100 mg/kg) sodium pentobarbital at 4 or 8 weeks after puncture injury. The whole rat tail was removed en bloc. Specimens were fixed in 10% neutral buffered formaldehyde solution for 2 days, and subsequently immersed in a decalcification solution (0.5 M aluminium chloride, 8.5% HCl, and 5% formic acid) for 3 days of decalcification. Following decalcification, the vertebrae were sectioned mid-sagittally. Sections were then stained with hematoxylin and eosin (H&E) and Alcian blue. Using a histologic grading scale system, the cellularity and morphology of the annulus fibrosis (AF) and nucleus pulposus (NP) and the border between the two structures were scored. 18 In each category, a normal disc received one point and a severely generated disc scored three points, which formed a total score of 5 to 15 (Table 1) .
Stage 2 Study
Based on results from previous experimental stage, a 25G needle was chosen to induce minor injury to rat caudal discs for the stage 2 study. The results of our stage 1 study and the study done by Zhang et al. 20 demonstrated that patterns and severities of degeneration were not significantly different in rat caudal discs punctured by 18G or 21G needles. Both sizes of needles induced severe and rapid degeneration in the rat caudal discs. In the stage 2 study, an 18G needle was chosen to induce severe injury to rat caudal discs.
At this stage, 30 Wistar rats were used with the same care protocol and procedure setting as outlined above. Three intervertebral discs (Co6/Co7, Co7/Co8, and Co8/Co9) were chosen for the following experiments. In order to minimalize the possible bias because disc height decreased proximally to distally and the possible effect of moment arm from the trunk-caudal junction to each IVD, the disc level of the intact control or for puncture injury with 18G or 25G needle were randomized in each experimental animal.
Magnetic Resonance Imaging
Magnetic resonance imaging examinations were performed on 12 rats. Under general anesthesia as described above, six rats received MRI examination 2 and 4 weeks post-operatively before euthanization and the remaining six rats received MRI examination 2, 4, and 8 weeks post-operatively before euthanization. We utilized 7.0T MRI instruments (BRUKER BIOSPEC 70/30 MRI), using a standard phase array spinal coil, to acquire T2-weighted images in sagittal plane (TR ¼ 2500 ms; TE ¼ 33 ms; slice thickness ¼ 1 mm). MRIs were evaluated by two blinded observers using the modified Thompson classification based on changes in the degree and area of signal intensity Figure 1 . Measurements of vertebral body height and intervertebral disc (IVD) height. The IVD height was expressed as the disc height index (DHI). 17 Changes in DHI of punctured discs are expressed as percentages (%DHI ¼ post-punctured DHI/pre-punctured DHI Â 100).
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from Grade 1-4 (1, normal; 2, minimal decrease of signal intensity but obvious narrowing of high signal area; 3, moderate decrease of signal intensity; and 4, severe decrease of signal intensity), which is an accepted method proven for its reliability in a previous study.
17
Reverse Transcription Quantitative Polymerase Chain Reaction At 2, 4, or 8 weeks after puncture injury, six rats were euthanized and NP tissues from experimental and intact control discs were collected. Total RNA in NP cells was extracted separately from each disc using a kit according to the manufacturer's instructions (PureLink micro-to-midi total RNA purification system; Invitrogen, Carlsbad, CA). During extraction, RNA was treated with RNase-free DNase (Qiagen, Chatsworth, CA) to eliminate any residual DNA. An aliquot of RNA extract was used to quantify the RNA yield by recording the absorbance at 260 nm using a spectrophotometer (NanoDrop ND-1000 Spectrophotometer; Thermo Fisher Scientific, Inc., Wilmington). The RT reaction was performed using High-Capacity cDNA Reverse Transcription kits (Applied Biosystems, Foster City, CA). Briefly, 10 ml of RNA was added to 10 ml RT master mix (2Â) containing RT buffer, dNTP mix, RT random primers, and 50 U of MultiScribe reverse transcriptase (Applied Biosystems). The RT reaction mixture was incubated at 25˚C for 10 min, at 37˚C for 120 min, and then at 85˚C for 5 min to inactivate the enzyme. Complement DNA synthesized from 10 ng of RNA was subjected to each polymerase chain reaction amplification using TaqMan Universal PCR Master Mix and Assays-on-Demand Gene Expression probes on an ABI PRISM 7900HT sequence detection system according to the manufacturer's instructions (Applied Biosystems). The expression profiles of aggrecan (AGC), type I collagen (Col1), type II collagen (Col2), and SOX9 were examined.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an endogenous control of gene expression. The messenger-RNA expression levels for each of the target genes were normalized to the housekeeping gene, GAPDH. The DCt was calculated by subtracting the Ct for GAPDH from the Ct for each target gene, where Ct was the cycle threshold. The DCt for each treated group was further normalized to the intact control group to obtain DDCt. Relative expression was calculated using the 2 ÀDDCt method.
Immunohistochemical Staining
Six rats were euthanized at 4 or 8 weeks after surgery for immunohistochemical staining. Following decalcification, the vertebrae were sectioned mid-sagittally. For immunohistochemical staining, the sections were immersed in a solution of methanol with 3% H 2 O 2 for 10 min to quench endogenous peroxidase activity and then incubated in a citrate buffer (pH 6.0) antigen retrieval solutions for 30 min at 95˚C. Following overnight incubation of the slides in aggrecan antibody (1:500; bs1223R; Bioss, Woburn, MA) or type II collagen antibody (1:80; ab53047; Abcam, Cambridge, MA), the sections were labeled with streptavidin-biotin (85-8943; Histostain-Plus, Invitrogen). The presence of antigens was detected using 3,3 0 -diaminobenzidine tetrahydrochloride substrate (00-2014; Invitrogen). Sections were further counterstained with hematoxylin.
Statistical Analysis
For the comparison of DHI between the injured discs and control discs, data were analyzed using paired-samples t-test. Mann-Whitney U tests were used to analyze nonparametric Figure 2 showed representative radiographs of the rat caudal discs punctured by all the needle sizes obtained at different time points. DHI decreased significantly in 18G-and 21G-punctured discs as early as at 2 weeks ( Figs. 2A and 3) . Moreover, spur formation was observed in some rats that received 18G and 21G puncture at 8 weeks post-operatively (Fig. 2B) , which represented a late stage of IVD degeneration. In all sizes of needles, the %DHI values at the index time were significantly lower than those in the control discs (p < 0.05; Fig. 3 ), except for 25G, 27G, and 29G needles at 2 weeks. On the other hand, at 8 weeks, significantly lower %DHI values were demonstrated in all needle sizes than that at 2 weeks, which indicated a progressive degeneration change. There were no significant differences in %DHI among the time points in the control discs. A sudden dropping slope at 2 weeks in the 18G and 21G groups, while a relaxing downward curve in 23G and 25G, was observed when we focused on the %DHI declination line (Fig. 3) .
RESULTS
Stage 1 Study
Radiographic Assessments
Histology
The histologic appearances of degenerated discs were markedly affected by puncture needle size. Rat caudal disc sections exhibited diverse morphologies from normal to severely degenerated (Fig. 4) . In the control discs, the nuclear cells were stellar shaped and evenly distributed throughout the nucleus. The morphology of the AF included wellorganized collagen lamellae without ruptured or serpentine fibers. The tissues between the AF and NP were intact without interruption at both 4 and 8 weeks. In the discs being punctured, time-dependent progressive degenerative changes were observed. Nucleus cells were decreased and irregularly shaped; the residual cells were clustered and separated by dense areas of proteoglycans. The severity of degeneration was closely correlated with needle size, with severe degeneration in some 18G-and 21G-punctured disc as early as 4 weeks after surgery. There were no significant differences in histologic scores among the time points in the control discs. The effect of time after puncture on histologic scores was statistically significant for all needle sizes; the scores were higher at 8 weeks than at 4 weeks (p < 0.05). In comparison with the control discs, the scores were significantly higher in all needle sizes (p < 0.05), except for 29G which exhibited no significant difference to that of the control group at 4 weeks (Fig. 5) .
Stage 2 Study Magnetic Resonance Imaging Assessment
Magnetic resonance images showed differing degrees of signal intensity, depending on the size of the needle used for puncture and the time sequences (Fig. 6A : 2 weeks; B: 4 weeks; C: 8 weeks). Severely decreased signal intensity was noted in the rat caudal disc punctured by a18G needle. Among the discs with severe degeneration, decreased disc height was also evident (Fig. 6C, 18G , and 25G). In Figure 6D , compared with control discs, the MRI grade was significantly poorer in discs punctured by18G at all time points and for 25G at 2 and 8 weeks post-surgery. The effect of time after puncture injury was not statistically significant. In all sizes of needles, the %DHI values at the index time were significantly lower than those in control discs, except for 25G, 27G, and 29G needles at 2 weeks post-surgery. When evaluating the trend of %DHI over time, a sudden dropping slope was observed at 2 weeks in the 18G-and 21G-punctured discs, with a relaxing downward curve in the 23G-and 25G-punctured discs.
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Relative Expressions of Selected Target Genes
In Cunha's study, 27 the high gene expressions came from the extruded materials in disc herniation. However, we did not find obvious disc herniation at puncture site in our model, which can be attributed to the different approach to create IVD injury. The mRNA expressions of the remaining tissue inside the NP were analyzed in the present study. Relative expression levels of AGC, Col1, Col2, and SOX9 genes in discs punctured by 18G and 25G needles are shown in Figure 7 . In comparison with the untreated control disc, both 18G and 25G needle punctures caused a significant increase in the gene expression of Col1. At post-puncture 2 weeks, they were 14838.54 AE 1661.91-fold, and 30.36 AE 6.42-fold, respectively (p < 0.05). The effect of time had negative correlation in discs punctured with 18G (1177.03 AE 383.08-fold, 4 weeks; 178.84 AE 24.32-fold, 8 weeks) and positive correlation in 25G-punctured discs (67.97 AE 13.36-fold, 4 weeks; 76.18 AE 11.77-fold, 8 weeks). Unlike the 18G needle, which demonstrated an acute burst but decreased Col1 expression, the 25G needle induced a gradually fibrotic transformation. Both groups exhibited a significant increase in Col2 gene expression at 2 and 4 weeks post-surgery, as compared with the untreated control disc. But the effect of time had negative correlation in both groups and it exhibited a significant decrease in 18G-puncture disc at 8 weeks (0.588 AE 0.063-fold, p < 0.05). In the 25G needle group, expression of SOX9 did not increase and the expression of AGC was less induced and remained at a "constant" level.
Immunohistochemical Staining
AGC-positive NP cells were only found in the disc injured by a 25G needle and they were uniformly negative in all disc cells injured by a 18G needle, as early as 4 weeks after the surgery. Pronounced AGC staining in control discs than those in 4 and 8 weeks (Fig. 8A-J) . For Col2, the NP cells exhibited either a weak staining or no signal at all in all specimens of disc cells injured by 18G needles at 4 and 8 weeks. In disc cells injured by 25G needles, the NP cells demonstrated a reduced intensity of Col2 staining at 4 and 8 weeks post-surgery, compared with the control discs ( Fig. 8K-T) .
DISCUSSION
Needle puncture has been one of the most common methods to create animal models of IVD degeneration. Several species of animals, including canines, 14 sheep, 16 rabbits, 17 pigs, 19 and rodents, 9, 18, [20] [21] [22] [23] [24] [25] [26] [27] have been utilized for this intent. Although no specific animal model could generate the internal environment of human IVDs on every aspect of cell compositions, geometrical, and mechanical properties, it has been demonstrated that rat IVDs could well represent some important properties of the IVDs in human lumbar spine. 26 Rat caudal discs have been widely utilized in various experiments because of their unique anatomical features. 25, 26 Most studies creating IVD degeneration in rat caudal discs used puncture needles equal to or larger than 21G. The ratio of the needle diameter to the height of punctured disc has been found to be important for the induction of significant degeneration in IVDs, and it should be over 0.4. 24 As larger trauma could lead to more severe disc degeneration, puncture injury caused by 18G (ratio 0.97), 21G (ratio 0.63), or 23G (ratio 0.49) needles would cause severe and rapid degeneration to rat caudal discs (height $1.3 mm). On the other hand, 25G (ratio 0.39) are enough to induce a significant but less severe disc degeneration.
Biological repair of IVDs using growth factors, gene therapy and cell transplantation aims to slow or even reverse the degenerative processes ideally at the earlier stages of degeneration. Animal models with rapid and severe IVD degeneration are theoretically inappropriate for validating the effects of biological treatments intending to treat early degeneration of IVDs. An animal model with gradual degeneration would better imitate the nature of degeneration in human IVDs; therefore, it is more suitable for evaluating the effect of biological treatments than models with acute severe injuries. The current study examined puncture injuries caused by a wide spectrum of needle sizes (18G to 29G) to rat caudal discs in order to find the optimal needle size inducing gradual degeneration. In the stage 1 study, according to the results of plain radiographic and histologic studies, puncture needles sized 21G or larger induced rapid degenerative processes in rat caudal discs during initial 2-4 weeks post-surgery. The degenerative Relative expression levels of aggrecan (AGC), type I collagen (Col1), type II collagen (Col2), and SOX9 genes in discs punctured by 18G and 25G needles. Unlike the 18G needle, which demonstrated an acute burst but decreased Col1 expression, the 25G needle induced a gradual worsening of fibrotic change. In the 25G needle group, the expression of SOX9 did not increase and the expression of AGC was less induced and remained at a "constant" level.
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changes were severe and continued deteriorating after 4 weeks. Contrastingly, puncture injury by needles sized 25G or smaller did produce degenerative changes in rat caudal discs during the initial 2-4 weeks but the changes were less severe. Furthermore, the degenerative process became stabilized and exhibited no spontaneous recovery after 4 weeks. The current study demonstrated puncture injury to rat caudal discs using needles sized 25G or smaller could produce a lesser degree of degeneration, and morphologically become stable after 4 weeks. The overall manifestations of rat caudal discs were more compatible with earlier degeneration in discs punctured by needles sized 25G or smaller than that by needles sized 21G or larger.
To typify the changes in extracellular material composition of the NP throughout the course of disc degeneration, we inspected gene expression levels of AGC, Col1, and Col2 in the discs within 8 weeks after puncture injury by 18G and 25G needles. AGC, which is a large aggregating proteoglycan, exhibited slightly increased titers; however, the decline of Alcian blue staining and decrease of AGC immunoreactivity at 8 weeks indicated that this could be a rescue behavior. This is in accordance with the loss of proteoglycan in most experimental degenerative models 18, 21, 28 and also in human degenerative discs. 29 The expression of Col1 in discs punctured by 18G needle demonstrated a burst increase in 2 weeks followed by a gradual decrease thereafter. One the other hand, NP punctured by 25G needle showed a gradual increase with a relatively less early elevation in Col1 expression, which indicated a gradual worsening of fibrotic change. Notably, a transient upregulation in the gene expression of Col2 was detected in both groups. These findings provide the molecular basis to support a previous hypothesis, showing that the initial stimulation was potentially an attempt to avoid tissue loss and to reestablish disc integrity. 28, [30] [31] [32] Following a decrease expression of Col2, which turned into downregulation at 4-8 weeks after puncture, this may be explained by cellular exhaustion and dysfunction of injured NP. 30 Furthermore, the NP cells exhibited markedly reduced Col2 immunostaining intensity at 4 weeks post-puncture. Together, these results suggest that 18-gauge needle puncture could possibly induce huge mechanical injury in a small rat caudal disc. The reaction of NP cells to repair the defect may mask a true biochemical expression in disc degeneration, and the proper time for investigating the effects of proposed intradiscal therapy would be 4 weeks or longer after needle puncture.
In the literature, there is still a lack of consensus about the time interval between needle puncture and administration of therapeutic agents in degeneration models using rat caudal discs. Some researchers tested their agents immediately or less than 2 weeks after puncture injury, 33, 34 which is still within the stage of acute injury. Based on the findings of the current 
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HU ET AL. study, the rescue reaction of NP cells to repair the defect in an acute injury may mask a true biochemical expression, and also obscure the effect of therapies. Furthermore, some researchers used a rat caudal disc punctured by 21G or larger needles and tested their intradiscal therapeutic agents 4 weeks or more after puncture injury. 8, 9, 34, 35, 36 Although different surgical method performing needle puncture might induce milder injury and then early subsequent intervention may partially restore disc tissues and disc height, 35 puncture needles sized 21G or larger usually induce rapid degenerative processes in rat caudal discs during the initial 2-4 weeks and this process is irreversible and continuously progresses at later stages. Therefore, this could go against the current consensus that biological repair to the ongoing IVD degeneration should ideally be administered during the earlier stages.
Needle puncture injury can cause acute and longterm irreversible damages to IVDs. 37 In addition to needle size, other factors such as the torsion and compression forces cause different effects to IVDs. 38, 39 Different moment arm can probably induce different torsion in each IVD, and it was shown the needle puncture injury affects torsional and compressive biomechanics differently in rat IVDs. 40 Therefore, needle rotation may cause unexpectedly variables to animal studies. Likewise, the needle puncture injury caused by full or half penetration was also compared. 18 To mimic early degeneration with minor injury in IVDs, we recommend creating an injury using a 25G needle with half penetration. The needle shall be inserted gently and along the axis of IVD to avoid the concern of moment arm. In addition, the needle shall be kept in place without rotation for 20 s and gently removed to avoid additional damage to annulus fibrosus. Regarding to the number of animals, it is difficult to define a minimum number since it may depend on the requirements of histological study and mRNA analysis. However, 4-6 rats shall be included in one study group for statistical analysis. 21 Needle puncture model for inducing degeneration in lumbar intervertebral discs of rats has also been applied to investigate discogenic pain on the presences or changes of pain-related peptides and their receptors in lumbar dorsal root ganglia (DRG).
41-45
Intra-discal administration of inhibitors or antibodies blocking these peptides or receptors is a promising treatment for discogenic pain. Its effects have been evaluated in a few studies using 23G needle to initiate puncture-induced degeneration in rat lumbar intervertebral discs. 41, 42, 45 The present study showed puncture needle sizes affected the severity of induced degeneration in rat caudal discs. The findings of the current study could be applied to future studies exploring the relationships between severity of degeneration at rat lumbar discs and the expression levels of pain-related peptides and their receptors in lumbar DRG.
The present study had limitations. The number of rats used in the experiments was small. Subjective grading systems were used to assess the degree of degeneration on MRI image, not a quantitative tool such as signal intensity. Furthermore, 8 weeks of follow-up was still far from defining a normal degenerative process mimicking human intervertebral disc and it should be taken into consideration when results of disc regeneration research in this model are interpreted and inferred to humans. The strength of evidences from this study would be further enforced by future studies comparing treatments to rat caudal disc punctured by two different sizes of needles.
CONCLUSIONS
The current study showed that the rate and severity of degeneration is positively related to the size of puncture needles to rat caudal discs. Puncture injury in rat caudal discs with a 21-gauge or larger needle caused severe mechanical damage and induced rapid degeneration. Overexpression of Col2 and AGC mRNA may mask the effect of any treatments given to animal degeneration models. A 25-gauge needle is optimal for inducing gradual degeneration in rat caudal discs, which is more compatible with the earlier stages of IVD degeneration. The proper time lapse for investigating the effects of proposed intradiscal therapy would be 4 weeks or longer after needle puncture. Although the current study has some limitations, it does indicate the importance of optimizing puncture injury to rat caudal discs for different experimental settings and purposes. 
